sure he would agree that the cases brought together in this way really must be regarded as a miscellaneous collection of diseases.
Professor Sir John McMichael (London): So many people have seen this family, and quot homines, tot sententia. They have been extremely interesting, and when the two brothers died of malignant hypertension within weeks of one another we had a full clinicopathological conference session on them. I think it is true that they were hyperurictmicthat was recognized earlyand some of them were only very mildly hyperurictmic while they were in their teens. They became more hyperurictemic as time went on. Their blood pressures did not go up until there were signs of progressive renal damage, and these two brothers who died certainly both had a streaky deposition of urate in their collecting tubules. Dr B M Ansell (Taplow) : In 1957 Professor Bywaters had a female patient in Hammersmith Hospital for investigation of gout beginning at the age of 22. Her third pregnancy was terminated and she was sterilized because of hypertension and incipient renal failure, so there are only two children. One of these, a girl aged 14, has recently presented with severe hyperuricemia and some impairment of renal function, but without hypertension. The mother has done reasonably well on uricosuric therapy.
Dr J Seegmiller (Bethesda, USA): Dr A P Hall, in Boston, was involved in a project where a whole community, at Framingham, has been screened for a large number of biochemical and clinical abnormalities over the years as part of a cardiovascular research project. In 1965 he reported some data that seem pertinent to the discussion that we have had here. He has followed over these ten to fifteen years the patients who showed hyperuricmmia. A substantial portion of them have develop,d gouty arthritis, leading us to the view that perhaps the development of the arthritic manifestations that classify this condition as gout (and I think we should be clear on this distinction, in deference to the definitions that Garrod made) seemed to be a function of the degree of hyperurictmia and the length of the exposure to hyperuricmmia. He had some other data that were even more interesting and showed an increased incidence of myocardial infarctions among the hyperuriczmic group. When he separated the patients who had developed gout from those with essential hyperuri-c=mia, it was found that the increased incidence of myocardial infarction occurred primarily in the gouty group. This, of course, has considerable implications for the whole field of cardiovascular disease, and it really deserves to be corroborated with other such large-scale studies. It seems at variance with the papers that have already been quoted of Talbott, where patients with gout seem to have no diminished life expectancy. This sort of disagreement certainly must be resolved by additional work in the future. 
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Gout in Population Samples
Studies of gout in random population samples were first started in Leigh (Lancashire) by Kellgren and his colleagues in 1953. They found that 5 men and 1 woman gave a history which was consistent with a diagnosis of gout in the previous five years, giving a prevalence of 3 per 1,000 in men and 0-5 per 1,000 in women (Table  1) . None was encountered in a rural sample of a thousand persons in Wensleydale (Yorkshire) examined by Popert & Hewitt (1962) . In 1959 Decker & Lane compared Filipinos and non-Filipinos in a hospital population in the years 1954-9: of 25,645 male non-Filipino patients 34 (1 3 per 1,000) had gout compared with 7 of 281 male Filipinos (25 per 1,000). In 1960 Lennane et al., in a comparison of Maori and non-Maori populations in Rotorua, New Zealand, found a prevalence of 42 per 1,000 in the Maoris but only 3 per 1,000 in those of European stock. There was thus a marked difference in the prevalence of gout between Polynesian and other Pacific populations and those of European stock.
Hyperuricemia in Population Samples
In 1955 the results of population surveys, in which serum uric acid levels were estimated, began to be published. These presented a similar racial pattern. Curves for serum uric acid for a number of Caucasian male populations were constructed by Kellgren (1963) . They all show a peak at between 4-5 and 5 mg/100 ml and an almost gaussian curve though with slight positive skew deviation. In the population of Wensleydale, examined by Popert & Hewitt (1962) , the serum uric acid, estimated by the enzymatic method of Liddle et al. (1959) had a modal value of 3-5 mg/100 ml in women and 4-5 mg/100 ml in men. The frequency distribution of individuals aged 15-44 showed a gaussian curve in females but there was a positive skew in males. After the age of 55 the sex difference became less marked, the females having a modal value only 0 5 mg/100 ml less than the males but the curve in males had become bimodal, the large peak being as before at 4 5mg/100 ml, the smaller at 6 mg/100 ml. In Leigh, where only the 55-64 age group was examined by these authors, the modal value similarly was 4 5 mg/100 ml in men and 4 mg/100 ml in women and there was a similar bimodal curve in the men at 6-5 mg/100 ml. As the spectrophotometric method was used allowance must be made for this and probably accounts for the slightly higher values than in Wensleydale. The secondary peak in men in these two surveys might not of itself seem very significant but a similar bimodal curve has been noted by Decker et al. (1962) in a group of 113 healthy Filipino men aged 40 or over. The modal level, however, was higher than in Wensleydale, being 6 mg/100 ml instead of 4 5 mg/100 ml, and the second peak was at 8'3 mg/100 ml, instead of 6 mg/100 ml as in Wensleydale. A Caucasian population studied by the same authors showed a modal value of 4 5 mg/100 ml as in Wensleydale. Similarly, in a Maori population examined by Rose & Prior (1963) the two peaks in males occurred, one at 6 mg/100 ml, the other at 7-5 mg/100 ml, the latter being the larger in this instance. In females the modal value was 5 mg/100 ml and the secondary peak at 6 5 mg/100 ml.
In a rural population aged 35-64 in Jamaica, mainly of negro stock, the modal values were 5 mg/100 ml in men and 4 mg/100 ml in women (Fig 1) . Apart from a very small peak at >8 mg/100 ml in the men the bimodal curve was lacking in the Jamaican population even in men over the age of 55. It would appear that the negro population resembles more closely the European than the Pacific populations. It should be borne in mind that the rural diet in Jamaica is mainly carbohydrate so that genetically the Jamaicans may be akin to the Polynesian races, the serum uric acid curve being shifted to the left by the lack of protein and fats in the diet. Gout was present in 2 (0-8%) of the men and in none of the 272 women in Jamaica. The prevalence of gout in negroes is thus intermediate between that in Caucasians and Polynesians.
The prevalence of hyperuricaemia in these samples is shown in Table 2 . In interpreting the findings the possibility of slight technical differences in carrying out the tests in the various laboratories must be borne in mind. The lowest prevalence was found in the rural Caucasian population in Wensleydale where only 5% of males and 1 % of females had a serum uric acid of more than 6 mg/100 ml by the enzymatic method. In Leigh hyperuriceemia was slightly more frequent, 8 % in males and 3 % in females. In the Jamaican population the proportion was nearly three times as great as in Wensleydale in both sexes and this applies also in the male Caucasian penitentiary inmates examined by Decker and his colleagues. The Filipinos examined by the same author had ten times as much as the Wensleydale Caucasians but only three times as inuch as the penitentiary inmates and the Maoris twelve times as much in males and twenty-three times as much in the females as the Wensleydale population. These populations did not have the same age distribution but it is unlikely that this has influenced the findings. In the male population in Wensleydale there was no relationship to age and though in the females there was some increase with age after 55 this could not explain the excess of hyperuricemia in Maori females since there were fewer in the older age groups in this population. It may be concluded from these findings in population samples that there are in many, if not all, populations, two and possibly three groups of individuals who differ fundamentally in the factors affecting the level of uric acid in the serum. This may be due to genetic factors, or environment may be playing a part, but it is clear that race is important and that for some reason individuals from certain Pacific races tend to have a higher level of uric acid in their blood than do Caucasians. This would favour a genetic cause especially as the Filipinos studied by Decker and his colleagues were working in the United States in a 'Caucasian' environment. In support of this, an increased frequency of hyperuricimia has been found in first-degree relatives of gouty patients by a number of workers, notably by Talbott & Coombs (1938 ), Smyth et al. (1948 ), Stecher et al. (1949 and Br0chner-Mortensen (1958) . This might conceivably be environmental. Both diet and social class tend to run in families and are known to be related to serum uric acid levels (Seegmiller et al. 1961 , Cobb 1963 . Popert & Hewitt (1962) found that patients with gout attending the Manchester Royal Infirmary were of a higher social class than those with other complaints. The intellectual level of the soldiers in the United States army has been found to bear a positive relation to their serum uric acid level (Stecher et al. 1949 ). Dunn et al. (1963 found that executives had a higher mean level than craftsmen; 43 % of executives but only 12% of craftsmen had a serum uric acid above 6 mg/100 ml. In all groups there was an association between serum uric acid and obesity. Executives and medical students had a very different distribution from the general population.
Family Studies ofHyperuricamia
Normally the environmental factor in families is assessed by an examination of spouses. It has Manchester hyperurico-miafamilies:females been possible to study the uric acid values in spouses adequately only in females, since most hyperuricamic persons are male. The Field Unit has so far carried out three family studies of hyperuricemia. In the Manchester family study there were 51 gouty probands and 37 non-gouty hyperuricamic probands (Table 3 ). In the Wensleydale survey there were 26 hyperuricemic probands, none of whom had gout, and in the Leigh survey 10 probands, 3 of whom had gout. These probands had 153 male and 130 female relatives (first-degree) and also 14 husbands and 71 wives who had a serum uric acid estimation.
The female spouses had much the same distribution of serum uric acid values as females in the Wensleydale random sample, the modal value being 3-5 mg/100 ml in either case (Fig 2) . In the female relatives on the other hand the modal value was 4 mg/100 ml. There was, however, a small secondary peak at 6 to 6-5 mg/100 ml in the spouses who in fact had a significantly higher percentage than the general population, with values over 5S5 mg/100 ml. The female relatives also had more than the random sample in this range.
There is in fact no significant difference between the proportion of female spouses and relatives with values over 5-5 mg/100 ml. The excess of hyperuricwmia in the spouses is not due to age distribution; 9 had it compared with 2-3 expected and it would seem that the domestic environment does play a part, at least in females. The familial aggregation of hyperuricemia was, however, much more striking in the male relatives (Fig 3) . As in the females there was a slight shift to the right, the modal value being 5 mg/100 ml in the relatives and 4-5 in the controls, but values over 6 mg/100 ml were present in 30% of male relatives compared with 5 % of the male population sample, a highly significant difference (P<0 01). There was, moreover, a striking bimnodality in the distribution in the relatives which, though present in the population in the older age groups, as we have already seen, was not so marked. This was not due to a difference in age distribution since it was found at all ages in the relatives. The second peak in the relatives was at 6 5 mg/100 ml. Only 1 (7%) of the male spouses had a serum uric acid of more than 6 mg/100 ml and none was above 6-5 mg/100 ml. It would thus appear, though the numbers are too small to prove it, that the genetic factor is more important than the environmental in causing hyperuricwemia.
What is the nature of this genetic factor? The figures of 30% for male relatives and 5% for males in the population would indicate a K vaiue of 6 (Penrose 1953) . From this it may be calculated that 5% of males in populations in the North of England are predisposed to develop hyperuricaemia assuming an intermediate gene, or 4% in the case of multiple additive genes (Table 4 ). The value of K in fathers, brothers and (1957) concluded that hyperuricemia is due to a single autosomal gene with 84% penetrance in males and 12% in females. A similar conclusion was reached by Smyth and his colleagues (1948) . As, however, the serum uric acid is a continuous variable in the population it is unlikely that a single gene is responsible. This is further supported by biochemical evidence on the importance of increased production of uric acid in some gouty patients and diminished excretion in others and it would seem likely that many genes are concerned. Sex linkage is ruled out by the occurrence of the condition in both father and son in several families. The bimodal curves noted in male population samples indicate that there are two distinct populations as regards the factors determining the uric acid level in the serum. Decker et al. (1962) suggest single gene polymorphism. Another possibility is that it may reflect in some way the influence of the two mechanisms involvedover-production and diminished excretion.
There is a striking resemblance between male relatives of gouty probands and male Filipinos as shown by Kellgren (1963) and this has tempted him to suggest that the indigenous inhabitants of the Pacific area are one large gouty family. 
Obesity andHypertension in Hyperuricwrmic Families
We have looked for evidence of a gene marker. In the Manchester family survey and also in the population surveys in Wensleydale and Watford obesity was graded 0-4. This grading was based on clinical impressions but appeared more realistic than our assessment from height-weight ratios which tended often to reflect build rather than obesity. There was three times as much obesity (grade 2-4) in the male gouty probands as in the population, a very significant difference (Table 5) . Their male relatives also showed significantly more. The hyperuricvmic non-gouty probands had rather more than would be expected but the difference was not significant at the 5 % level. The male relatives of non-gouty hyperuriczmic probands on the other hand showed little more than would be expected. The female probands and relatives, gouty or otherwise, had no more than the expected amount of obesity. The spouses of the gouty probands showed no excess of obesity nor did those of the other hyperuriciemic probands. Thus it is clear that obesity is not genetically related to hyperuricamia, though it may have some genetic relationship to gout. Hypertension similarly was more frequent than expected in the male probands, 32% of whom had a diastolic pressure of more than 100 mmHg (P <001). The non-gouty hyperuriciemic probands had only thew expected rate and the relatives of both gouty and non-gouty probands had practically the expected rate (Table 6 ). It would appear therefore that the hypertension occurring in gouty patients is secondary to the gout or at least is not related genetically to the cause.
Discussion
Of the 36 hyperuricmmic males in the Leigh and Wensleydale population samples only 3 (8 %) had gout and this raises the question as to what deter- Expected data are assessed from the Watford population sample in which these questions were asked routinely mines whether gout develops. There was no evidence that those with the highest serum uric acid developed the disease. The three in Leigh with gout had values varying from 6-9 to 8-1 mg/100 ml. Does gout depend on the duration of the hyperuricmmia or must some other factor be present to convert hyperuriciemia into gout? Gout occurs chiefly in the joints of the lower extremities, particularly the 1st metatarsophalangeal joints. It is known that osteoarthrosis is more common in the joints of the lower extremities in obese people (Kellgren & Lawrence 1958) .
Since obesity was also found in the relatives of gouty probands, and of the 19 obese male relatives only 4 had gout, it is apparently not the obesity which determines the gout. In view of the predominant involvement of the I st metatarsophalangeal joints a circulatory cause might be postulated. Of the 50 male relatives of gouty probands, 3 gave a history of Raynaud's disease since childhood and 2 of more recent onset (Table 7) . Of the 52 female relatives, one had had it since childhood and 5 more recently. Expected would be 4 since childhood and 2-4 of recent onset in the total relatives (P 0 06). There was thus no significant excess of recent Raynaud's phenomenon in the relatives. Moreover the gouty probands did not show this excess.
Only one had Raynaud's of recent onset though 4 had had it since childhood. Of the 93 relatives of the Manchester non-gouty hyperuricmmic probands 6 had Raynaud's since childhood and 5 of recent onset, compared with 3-8 and 2-0 expected.
The possible influence of trauma is difficult to assess. Of 44 male gouty probands asked, 13 gave. a history of related injury. No doubt many minor injuries to the big toes are forgotten.
Further evidence of a genetic factor in the conversion of hyperuricxmia into gout is forthcoming from a comparison of the prevalence of gout in gouty and non-gouty hyperuricemic families (Table 8 ). There was sixty times the expected rate in male relatives of gouty probands but only fifteen times the expected value in relatives of non-gouty probands. The former is significant but not the latter and the difference between the two groups of relatives fails to reach significant levels.
Summary
Marked racial differences in the prevalence of hyperuricmmia and gout have been noted, levels being highest in certain Pacific races and lowest in Caucasians, with negroes having intermediate levels. The distribution is gaussian with a positive skew in all races and with a suggestion of bimodality. The main peak occurs at 4 5 to 6 mg/l00 ml in males with a small secondary peak at 6 to 8 3 mg/100 ml in different races. In females the main peak is 1 mg/100 ml lower and the secondary peak less evident.
First-degree relatives of gouty and hyperuricemic persons in north-west England had a similar distribution of serum uric acid levels to members of the Pacific races and had significantly more hyperuricemia than the local populations as a whole. Their spouses showed more serum uric acid levels above 5'5 mg/100 ml than the rest of the population but had less hyperuricwmia than the relatives.
Obesity was more frequent than expected in gouty probands and their male relatives but not in non-gouty hyperuriczmics or their relatives.
A combination of multiple genetic and environmental factors is postulated as determining the occurrence of hyperuricemia.
(1) Social class: Of 100 patients attending the gout clinic in Manchester a third were in Class I, and about a third in each of Classes II and III. This contrasts very sharply with the distribution in the general population in England and Wales, where only 3 5 % of the population are in Class I, and 15% are in Class II. There is a clear indication from this data that a high proportion of patients with clinical gout are in the upper social classes.
(2) Relation between hyperuricarmia and intelligence and education: The overall mean serum uric acid level in the Wensleydale sample was 4-46 mg/100 ml for males. In a study of the employees of a chemical manufacturing company in Tennessee, USA, Dunn et al. (1963, J. Amer. mcd. Ass. 185, 431) found that the mean serum uric acid of executives in 'middle' management was 5 73 %; this was higher than that of craftsmen of similar age and body-weight, and is substantially higher than the overall figure for Wensleydale. The mean serum uric acid of scientists was below that of the executives, while in another study medical students had a higher mean serum uric acid than students in other faculties. Social class and environment are closely linked with intelligence and education, but the environment appears to be the main factor. In medical practitioners, for example, all of whom fall into Social Class I, the chances of developing hyperuriczmia or gout may depend on whether the individual's mode of life leans towards that of the executive, the scientist or the craftsman.
(3) Influence of diet and obesity: Of environmental factors which determine whether an individual with inherited hyperurictemia will develop gout the intake of protein, fat and alcohol is the most important. The influence of obesity is probably indirect, and when it results from excessive bread and cakes it is less likely to be associated with gout than when it is due to steak and beer. Dr B M Anseli (Taplow) : It has been postulated that psoriasis and certainly psoriatic arthropathy are occasionally associated with hyperurictemia. I know that Dr Lawrence has done extensive surveys of various disorders, and I wonder if he has any information on either psoriasis or psoriatic arthropathy ? Dr Lawrence: Yes, I have found that among hyperuriczmics about 8 % have psoriasis. This is about eight times the figure for the population as a whole. In psoriasis, on the other hand, we found 23 % had hyperuricemia, as against a control figure of 5 %.
Dr K A Barlow
(Department ofPathology, King's College Hospital Medical School, London)
Lipid Metabolism in Gout
In 1884 Huchard was the first to note that atherosclerosis was frequently associated with gout, when he remarked that 'as rheumatism is to the heart, so is gout to the arteries'. In 1887 Moore emphasized the frequency of aortic atheroma, cerebrovascular disease and nephrosclerosis in an autopsy study of gouty subjects. Since that time many authors have also commented on the frequency of coronary and peripheral arterial disease in gout. Despite these findings Talbott & Lilienfeld (1959) surprisingly state that the general mortality rate of gouty patients is not worse than that of the general population.
